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Abstract
Distributions and full energy of the gluonic field of three static sources are calculated
in the framework of bilocal approximation of method of field correlators. The field in
baryon is shown to be a sum of the fields of three mesonic strings, with the string
junction and corresponding quark acting like a sources. The interference of fields of
these mesonic strings near string junction position leads to depletion of the full field,
and decreasing of the slope of static potential at small quark separations. Dependency
of the potential on quark configurations is studied and conclusions on the probable
configurations are made. Some contradictions in lattice simulations of static baryon
potential are discussed.
1 Introduction
Method of Field Correlators (MFC) allows to distinguish between dynamical perturbative
gluons and nonperturbative background gluonic field, in which dynamical gluons propagate.
In particular, MFC offers a systematic treatment to nonperturbative effects, using correlators
of strengths of gluonic fields [1]. Bilocal correlators of background fields are parametrized in
MFC by scalar formfactors with exponential fall-off.
There are two nonperturbative parameters used in MFC – string tension , or force acting
on the quark from the string, and correlation length of nonperturbative background fields Tg.
The value   18 GeV2 can be obtained phenomenologically by the slope of Regge trajectories
of mesonic spectrum [2], while Tg  0:12 fm can be defined from the spectrum of gluelump [3].
Both parameters can also be derived directly from the QCD Lagrangian in lattice simulations
of field correlators [4, 5].
One can use a connected probe [6] to study a structure of the fields in baryon in the
framework of MFC [7, 8]. It was argued in [9] that the only possible extended gauge invariant
configuration for three quarks has Y -like shape, and contains string junction. There was
shown [7, 8] that nonperturbative gluonic fields in baryon are the sum of the fields of three
mesonic strings, provided that the string junction performs the role of antiquark as a source of
the field for each of these mesonic strings. The fields of the mesonic strings interfere around
string junction position and cancel each other. An extent of the cancellation depends on
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configurations of quarks. It is one of the purposes of the present paper to study dependence
of field distributions in the baryon on quark configurations.
Depletion of the fields in baryon is especially important at small and intermediate quark
separations. In this case it causes a decrease of the static baryon potential, which means an
energy of the field, as well as its slope [7, 8, 9]. Static baryon potential in equilateral triangle
was calculated on the lattice in [10, 11]. MFC results were found to be in a good agreement
with the lattice ones, see [9] and also this paper. Moreover, in lattice simulations [12] static
baryon potential was measured in various quark configurations. The data were presented on
the same plot for all configurations as the function of the full length of the string. They
were described by the potential with greater slope than in [10, 11]. In the present paper we
calculate static baryon potential in arbitrary quark configuration and study its dependence
on quark configurations and separations. We argue that disagreement between lattice data
[10, 11] and [12] is explained by the dependence of the potential on quark configurations.
The paper is organized as follows. In Section 2 of the paper brief introduction to the
methodology of bilocal approximation of MFC is provided before to be applied to calculations
of the fields in mesons in Section 3. In Section 4 field structure in baryon is studied. In
Section 5 properties of static baryon potential are analised. The results are discussed in the
last section.
2 Bilocal approximation of the method of field correla-
tors
In bilocal approximation of MFC one should consider contribution of two-point (Gaussian)
correlators of strengths of background gluonic field to the Wilson loop, and take off higher
correlators. This approximation (Gaussian dominance, see [13]) is motivated by lattice data
[14] on Casimir scaling of static quark-antiquark potential for sources in different color rep-
resentations.








where path-ordered integration runs over rectangle countour C with time T and space R
extentions.







where F(x; z0) is related to field strength according to
F(x; z0) = Φ(z0; x)F(x)Φ(x; z0); (3)
the reference point z0 is chosen arbitrarily on the surface S, and parallel transporters Φ(x; y)
are defined as






For averaging Wilson loop over background fields (see [15] and references therein for rigorous
procedure) we should resum it as follows,










































trhF11(x)Φ(x; x0)F22(x0)Φ(x0; x)i+ :::

; (5)
where only Gaussian correlators are written explicitly. In bilocal approximation of MFC they

















Since 4D-Euclidean space is isotropic, background fields form a stochastic ensemble, and
Gaussian correlators are parametrized by two scalar formfactors D and D1 [1, 15],
g2
Nc












D1(z)  D11;22(z); (7)
where z  x− x0, and formfactors have the form











The exponential behaviour of correlators was justified in lattice simulations [4, 5] at distances
z > 0:2 fm. There were obtained values of correlation length of background fields Tg  0:12 fm
in [5] and   D1(0)=D(0)  1=3 in [4]. Value of D(0) is related to string tension   0:18 fm
according to  = D(0)T 2g . Due to the smallness of D1, only two parameters,  and Tg, define
all nonperturbative effects in the framework of MFC.
3 Field distributions in mesons
Gauge invariant connected probe (Fig. 11) consists of probe plaquette and Wilson loop
connected with each other by parallel transporters,
(x) =
hW  (x0)Φγ (x0; x)(P(x))γ (Φ+)(x; x0)i
hWi − 1: (9)
1ps-files of the figures at http://heron.itep.ru/kuzmenko/baryon.uu are available
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Note that indexes (; )=1...4, labeling the orientation of the plaquette, are not tensor for
the connected probe. Probe plaquette of size a a,
(P(x))

 = (P exp iga
2F a(x)t
a) ; (10)
is placed at point x = (x1; x2; x3; x4), where x1 is the coordinate along QQ¯-axes, x2 is the
distance from the plaquette to the axes (see Fig.1), x3 = x4  0. Wilson loop W  (x0) in (9)
has discontinuity at the point x0 = 0. Its contour C = RT , where T !1, lies in the plane
(1 4).
In the limit of small plaquette size a the connected probe is proportional to the strength
of the gluonic field at the point x,
(x) = iga
2
hW  Φγ(F a(x)ta)γ (Φ+)i
hWi + O(a
4): (11)
Last equation means that using connected probe we can measure space components of color
field, generated by quark-antiquark pair and do not disturbed by the probe plaquette in the





0)D;(x− x0) + O(a4): (12)
Defining FM = −=a2 (the choice of sign corresponds to the direction of the field from
quark to antiquark), at a ! 0 we will find that





















where z = (x1 − x0; x2; x3; t), and
BMi  0: (15)
Considering the exponential behavior of formfactors D, D1 (8), we will get finally the expres-
sions
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in which enters McDonald function K1. One can see that third component of the colorelectric
field, EM3  0.
The field acting on the quark consists of longitudinal colorelectric component,









Its behavior is shown in the Fig.2. At R < 0:2 fm the field rises linearly, E0(R)  2=R=Tg,
and at R > 0:8 fm saturates, Esat0  .
Maximal value of nonperturbative gluonic field is given by the value of its longitudinal
colorelectric component at the point (x1; x2) = (R=2; 0), in the middle between quark and
antiquark, and equals 2E0.
In Fig.3 field distribution profiles determined by the longitudinal colorelectric component
of the field, Estring(x)  EM1 (x1 = R=2; x), are shown for different quark-antiquark separa-














Field distributions EM(x1; x2) =
p
(EM1 (x1; x2))
2 + (EM2 (x1; x2))
2, with EM1 (x1; x2) and E
M
2 (x1; x2)
from (16), (17), and with the same separations as in Fig.3, are shown in Color Figs. 1, 2.
Fields in Color Fig. 2 are in the saturation regime, and form a plateau with the profile (19).













with maximal value ED1(1:33Tg) = 0:63 =  0:06 .
4 Field distributions in baryons
The connected probe for three quarks is shown in Fig.4. Just as in the case of meson, it
consists of small probe plaquette and Wilson loop, connected by parallel transporters with
each other. Baryon Wilson loop consists of three surfaces, joined by the string junction.
Consider an arbitrary quark configuration, in which quarks are placed at distances Ra
from the string junction. Let ~R(a) be the vectors pointing from the corresponding quark to
the string junction, and ~n(a)  ~R(a)=Ra. Let us note that if each angle of the triangle formed
by quarks is less than 120, then string junction places at the Torricelli point, and vectors
~R(a) form angles 60 with each other. When there is an angle greater than 120, then string
junction is at the position of the vertex of this angle. In this case the Wilson loop has two
surfaces.






















(a) − ~x; t): (22)
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~R) means the field of the static quark-antiquark pair with quark at point −~R
and antiquark at the coordinate origin. We underline that the field of the baryon string is
a sum of the fields of mesonic strings, for which string junction plays the role of antiquark as
a source of gluonic field.
The field of the baryon string is formed from the longitudinal colorelectric component of


















Contour plot of the field (24) for quarks forming an equilateral triangle with R = 2 fm is
shown in Color Fig. 3. Two surfaces, EBi (x; y; z) =  and E
B
i (x; y; z)  =2 (cut), are
presented. The first one consists from three disconnected segments, containing inside the
main mass of the string. The last surface is continuous and has a topology of the torus due
to depletion of the field around string junction. This depletion is caused by the interference
of mesonic fields, which cancel each other near string junction.
In the Fig.5 the field along the line joining the quark and string junction, EB(x) 
EB1 (x; 0; 0), for quarks at points (1; 0; 0)R; (−1=2;
p
3=2; 0)R; (−1=2;−p3=2; 0)R and R = 2
fm, is shown. The contributions of formfactors D and D1 are shown separately. One can
see that the field at the string junction position is absent, and grows linearly in the vicinity
of it. Formfactor D1 generates spherically symmetrical field distributions (20) around the
quarks, and three times such a field around the string junction. At x < 0 the field of D1 is
proportional to the one of D with the coefficient  1=3. At x > 0 D1 causes some increase of
the slope of the curve near quark and string junction positions.
In Color Figs.4, 5, 6 the field distributions EB(x1; x2; 0) in the quark plane for isosceles
triangles with various vertexes and fixed full length of the string, L =
P
a Ra = 6 fm, are
shown. In Color Fig.4(a), (b) for configurations of equilateral and right-angled triangles the
field distributions around string junction are the same, as the field in each meson string attains
its saturated value.
The vertex increasing, the corresponding string degenerates, and at vertex=120 string
junction coinsides with the vertex quark, see Color Fig. 5(a). In this case fields acting on
the quarks are the same and equal . The further increasing of vertex, the field acting on
the middle quark decreases and disappears when the quarks are placed along a line, see Color
Fig. 5(b). One can conclude that this last configuration is more advantageous energetically
than the previous one.
When two quarks are close to each other and far from the third quark, baryon string
degenerates to mesonic one, see Color Fig.6(a), (b). In this case two close quarks are in the
antitriplet color representation and perform the role of antiquark as a source of gluonic field.
It is clear from the figure that these configurations are disadvantageous.
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5 Static potential in baryon
Static potential in baryon has the meaning of the full energy or mass of the ground-state
gluonic field. It is given by the Wilson loop [9],





where T is the time extension of the loop. For arbitrary quark configuration straigthforward
generalization of the bilocal approximation (6), (7) reads as follows,












Writing explicitly surface integration, we obtain





















where zab = (l ~n
(a) − l0~n(b); x4 − x04), and











As it was demonstrated in the Appendix of [9], the contribution of D1 to the potential
cancels. Calculating the baryon potential generated by formfactor D, we should distinguish
three classes of quark configurations. Note an important common property of potential: it
is a sum of mesonic potentials, corresponding to mesonic strings discussed in the previous
section, minus some interference potential. Consider the first case, when each angle of quark
triangle is less than 2=3. Baryon potential reads as follows,








































































Triangles having an angle greater than 2=3 constitute the second class we are going to
consider. Let  be an angle supplementary to the large one, and r1; r2 the distances from
the extreme quarks to the middle one. The potential have the form
VB(r1; r2; ) = VM(r1) + VM(r2)− Vwell(r1; r2; ); (32)
where
Vwell(r1; r2; ) =
2 ctg 

























At last, when the quarks place along a line at separations r1; r2,
Vline(r1; r2) = VM(r1) + VM(r2)− Vwell(r1
p
2; r2; =4): (34)
One can check that the expressions obtained satisfy the relations Vwell(r1; r2; ) = Vwell(r2; r1; ),
Vwell(r1; r2; =3) = Vwell(r1; r2), and Vline(r; 0) = Vline(0; r) = VM(r).
We have just considered nonperturbative part of the baryon potential. In what follows we









where rij is the corresponding quark separations, and CF = 4=3 the fundamental Casimir
operator.
In Fig.6(a) the behavior of baryon potential VB(R) in the equilateral triangle vs. distance
from quarks to the string junction R is shown. In the same figure mesonic and interference
potentials are presented. In Fig.6(b) the effective string tension defined according to eff(R) 
dVB(R)=dR is shown. One can see that it saturates with the value 3 at R > 0:7 fm.
The static baryon potential in equilateral triangle was simulated in the lattice in the
following regions of quark separation r, 0.1 fm < r < 0.8 fm [10] and 0.2 fm < r < 1.4 fm
[11]. In cited papers there was stated that in the measured region the potential can be fitted
by the curve Vpert + 3=2 r (which was misleadingly called ”∆-ansatz”, see [9]). According
to Fig.6(b), the value of the effective string tension is greater than 2:6 at R  0:42 fm, and
one expects a distinct increase of the potential above the mentioned curve at large distances.
This increase was noted in [11] but assigned to the admixture of a many-body component.
The further lattice studies of baryon potential at large distances would likely confirm our
prediction.
It was shown in [9] that in the case of equilateral triangle our potential describes the
lattice data from [11]. One can see it in Fig.7 borrowed from [9]. We emphasize that our
values of parameters were obtained from fitting the curve of the ”∆-ansatz” by the potential
Vpert(s; r) + 3=2 r using the method of the least 
2, and they correspond to the lattice
parameter . Small enhancement of our potential above the first lattice point could be
assigned to the interference between perturbative and nonperturbative fields [17].
Dependence of the baryon potential potential on quark configurations is shown in Figs.8, 9.
We consider isoceles triangles with various vertexes γ and full lengths of the string L.
8
In Fig.8 dependence of the potentials on the full length of the string is plotted. We have
chosen five configurations, field distributions for which were presented in Color Figs. 4, 5,
and 6(b). One can see that the curves in Fig.8 form three branches distinguished by number
of the mesonic strings in configurations. Differences between middle and lowest, and upper
and middle branches in asymptotic region are
∆V1 = 4(1= + 2=3=
p
3)Tg  2:81Tg  0:31 GeV;
∆V2 = 4(1= + 1=3=
p
3)Tg  2:04Tg  0:22 GeV: (36)
They appear due to different values of the interference terms.
In Fig.9 dependence of the potential in isoceles triangle, ∆V (L; γ) = VB(L; γ)−VB(L; =3),
on the vertex is studied at fixed values of full length of the string. This dependence is caused
by the interference of the fields of mesonic strings near the string junction. One can conclude
from the figure what configurations are likely to realize in the physical states. Due to the
global minimum at γ = =3 it is the configuration of equilateral triangle which realise in the
ground state. There is also a local minimum at γ =  in Fig. 9, which is relevant for the
orbitally excited baryons. We expect that in this case quark-diquark configurations are less
probable than ones with one quark in the middle of others.
This dependence of the potential on quark configurations is compatible with lattice simu-
lations [12]. Baryon potential in this work in various configurations was plotted at the same
plot as a function of the full length of the baryon string. Some configurations used were close
to the equilateral triangle, and some had a small angle. From the Fig. 9 one can conclude
that the potential for the latter configurations is greater than that for the first ones. This
enhancement should lead to the increase of the fitted value of effective slope of the overall
potential and its error. Both these features were stated in [12].
6 Conclusions
There are no doubts that the distributions of gluonic fields in baryon is one of the most
beautiful phenomena described by the method of field correlators. Moreover, they seem to be
a very reasonable approximation to the solutions of gluodynamics. Whether they are or not,
it would be interesting to verify in the lattice simulations.
In absence of the direct proofs of the distributions obtained, lattice simulations of static
baryon potential may serve as indirect ones. Indeed, we have shown in the paper that behavior
of the static potential and its dependence on quark configurations explain the inconsistencies
in lattice results.
From the analysis of the baryon potential two conclusions can be made. First, in the
ground state of physical baryons the configuration of the equilateral triangle is most probable.
Second, for the excited states of baryons with large angular momentum most probable are
configurations with quarks placed along a line, and one quark in the middle of the others,
rather than quark-diquark configurations.
However we should note that the calculations of the static potential performed in the
paper have a serious drawback, as they do not consider the interference between perturbative
and nonperturbative fields [17, 18], which is important at small interquark distances both for
perturbative and nonperturbative parts of the potential. As it was shown in [19], an account of
these effects in the case of the static quark-interquark potential yields a successful description
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of lattice simulations at small distances. Rigorous calculations of the interference effecs in the
case of baryon is a very interesting and promising task, which calls for its investigations.
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List of black-white figures
Figure 1. The connected probe for QQ¯.
Figure 2. Dependence of the field E0 = E
M
1 (0; 0), acting on the quark, on the quark
separation, at =0.18 GeV2, Tg=0.12 fm.
Figure 3. The string profile Estring(x) = EM1 (x1 = R=2; x) for R = 0:2 fm (dashed curve),
0.5 fm (dashed-dotted curve), 1 fm (dotted), and 2 fm (solid curve) at =0.18 GeV2, Tg=0.12
fm.
Figure 4. The connected probe for QQQ.
Figure 5. The profile of the baryon string, EB(x)  EB1 (x; 0; 0), shown by solid curve.
Dashed and dotted curves show the fields generated by correlators D and D1 correspondingly,
=0.18 GeV2, Tg=0.12 fm.
Figure 6. The baryon potential in equilateral triangle VB(R) (solid curve) and its con-
stituents 3VM(R) (dashed) and Vwell(R) (dotted curve) for =0.18 GeV
2 and Tg = 0:12 fm
(a). The effective string tension for the same values of parameters (b).
Figure 7. The total baryon potential in equilateral triangle along with the perturbative
part, VB(r)+Vpert(r), for Tg = 0:12 fm,  = 0:188 GeV
2, and s = 0:4 (solid curve), describing
the lattice points from [11] for  = 5:8.
Figure 8. Static baryon potentials in isoceles triangles vs. full length of the string. The
value of the vertex γ is =3 (solid curve), =2 (dashed), 2=3 (dotted),  (dashed-dotted),
and 0 for the grey curve; =0.18 GeV2, Tg = 0:12 fm.
Figure 9. Dependence of baryon potential in isoceles triangle on the vertex at fixed values
of full length of the string L = 6 fm (solid curve), L = 1:5 fm (dashed-dotted curve), and
L = 1 fm (dotted curve), at =0.18 GeV2, Tg = 0:12 fm.
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List of color figures
Color figure 1. Field distribution EM(x1; x2) =
p
(EM1 (x1; x2))
2 + (EM2 (x1; x2))
2 in GeV/fm
for R = 0:2 fm (a), R = 0:5 fm (b). Coordinates x1 and x2 are given in fm. Positions of
quark and antiquark are marked with points. The values of parameters are =0.18 GeV2 and
Tg=0.12 fm.
Color figure 2. The same as in the Color Fig. 1, but for R = 1 fm (a), R = 2 fm (b).
Color figure 3. The contour plot of the field EBi (x; y; z) for quarks forming an equi-
lateral triangle with the distance 2 fm from the string junction. Two surfaces are shown,
EBi (x; y; z) =  (the internal one) and E
B
i (x; y; z)  =2 (the cut external one). Quark posi-
tions are marked with points. The values of parameters are =0.18 GeV2 and Tg=0.12 fm.
Color figure 4. Field distributions EB(x1; x2; 0) in the plane of the quarks in GeV/fm for
configurations of equilateral triangle (a) and isoceles right-angled triangle (b). The full length
of the string in both cases is 6 fm, x1 and x2 are given in fm. Quark positions are marked
with points, =0.18 GeV2, Tg=0.12 fm.
Color figure 5. The same as in Color Fig. 4, but for the configurations of isoceles triangle
with the vertex 120 (a), and for the quarks placed along a line with the equal separations (b).
Color figure 6. The same as in Color Fig. 4, but for configurations of isoceles triangle
with R1 = R2 = 0:3 fm (a), and R1 = R2 = 0:05 fm (b).
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